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Abstract
The existence of doubly heavy flavor baryons has not been well established experimentally so far. In
this Letter we systematically investigate the weak decays of the doubly charmed baryons, Ξ++cc and Ξ
+
cc,
which should be helpful for experimental searches for these particles. The long-distance contributions are
first studied in the doubly heavy baryon decays, and found to be significantly enhanced. Comparing all the
processes, Ξ++cc → Λ+c K−pi+pi+ and Ξ+c pi+ are the most favorable decay modes for experiments to search
for doubly heavy baryons.
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I. INTRODUCTION
Plenty of hadrons including quite a few exotic candidates have been discovered in experiments
during the past few decades. Doubly and triply heavy flavor baryons, however, with two or three
heavy (b or c) quarks, are so far still absent in hadron spectroscopy [1–4]. Searches for the doubly
and triply heavy baryons will play a key role in completing hadron spectroscopy and shedding light
on perturbative and non-perturbative QCD dynamics.
The only evidence was reported by the SELEX experiment for Ξ+cc via the process Ξ
+
cc →
Λ+c K
−pi+ in 2002 [5], followed by Ξ+cc → pD+K− [6]. However, this has not been confirmed by
any other experiments so far. The FOCUS experiment reported no signal right after SELEX’s
measurements [7]. The BaBar [8] and Belle [9, 10] experiments searched for Ξ
+(+)
cc with the final
states of Ξ0cpi
+(pi+) and Λ+c K
−pi+(pi+), and did not find any evidence. The LHCb experiment
performed a search using the 0.65 fb−1 data sample in the discovery channel used by SELEX,
Ξ+cc → Λ+c K−pi+, but no significant signal was observed [11]. Besides, the mass measured by
SELEX, mΞ+cc = 3518.9 ± 0.9 MeV, is much lower than most theoretical predictions, for instance
mΞcc= 3.55-3.67 GeV predicted by lattice QCD [12–17]. These puzzles can only be solved by
experimental measurements with high luminosities.
At the Large Hadron Collider (LHC), plenty of heavy quarks have been generated, and thereby
abundant doubly heavy hadrons has been produced due to quark-hadron duality, such as B±c ,
which has been studied in great detail by LHCb. The cross sections of the hadronic production
of Ξcc at the LHC have been calculated in QCD [18], and are of the same order as those of Bc
[19]. As LHCb has a data sample larger than 3 fb−1 and is collecting even more data during Run
2, there is now a good opportunity to study Ξcc. One key issue left is to select the decay processes
with the largest possibility of observing doubly charmed baryons.
In this work, we will systematically study the processes of Ξ++cc and Ξ
+
cc decays to find those
with the largest branching fractions which should be helpful for experimental searches for the dou-
bly charmed baryons. The lowest-lying heavy particles can only decay weakly. We will analyze
the color-allowed tree-operator dominated decay modes using the factorization ansatz. For other
decay channels which are suppressed in the factorization scheme, the non-factorizable contribu-
tions might be significant and behave as long distance contributions. With a direct calculation in
the rescattering mechanism, we will demonstrate that long-distance contributions are significantly
enhanced for some decay modes with high experimental efficiencies. At the end, we will point out
that instead of searching for the Ξcc using the SELEX discovery channels Ξ
+
cc → Λ+c K−pi+ and
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pD+K−, one should measure Ξ++cc → Λ+c K−pi+pi+ and Ξ+c pi+ with the highest priority.
The branching fractions depend on the lifetimes of Ξ++cc and Ξ
+
cc which, however, are predicted
to be quite different in the literature. Predictions for the lifetime of Ξ+cc vary from 53 fs and 250 fs,
while those for Ξ++cc range from 185 fs to 670 fs [20–23] except for τΞ++cc =1550 fs in Ref. [24] which
is too large compared to the lifetimes of singly charmed baryons. Despite the large ambiguity in
the absolute lifetimes, it is expected that τ(Ξ++cc )  τ(Ξ+cc) for their relative lifetimes, due to the
effect of the destructive Pauli interference in the former. The ratio between their lifetimes is then
Rτ ≡
τΞ+cc
τΞ++cc
= 0.25 ∼ 0.37, (1)
with small uncertainty in all these calculations [20–23]. The branching fractions of Ξ++cc decays
should be relatively larger due to its longer lifetime, compared to those of Ξ+cc. Besides, particles
with longer lifetimes can be better identified with high efficiency at the detectors. Thus, we
recommend experimentalists to search for Ξ++cc before Ξ
+
cc.
II. FORM FACTORS
In the study of the exclusive modes of heavy hadron decays, the transition form factors are
required in the calculations. The hadronic matrix elements of Ξcc decaying into the anti-triplet
and sextet singly charmed baryons, i.e. Bc = Ξc, Ξ′c, Λc and Σc, are expressed in terms of the form
factors as
〈Bc(pf )|Jwµ |Ξcc(pi)〉
= u¯f (pf )
[
γµf1(q
2) +
iσµνq
ν
mi
f2(q
2) +
qµ
mi
f3(q
2)
]
ui(pi)
− u¯f (pf )
[
γµg1(q
2) +
iσµνq
ν
mi
g2(q
2) +
qµ
mi
g3(q
2)
]
γ5ui(pi),
(2)
where the initial and final baryons are all 12
+
states, Jwµ is the weak current in the relevant decays
and q = pi − pf . In this work, the form factors are calculated in the light-front quark model
(LFQM). The LFQM is a relativistic quark model under the light front approach, and has been
successfully used to study the form factors of heavy meson and heavy baryon decays [25–27]. We
adopt the diquark picture for the two spectator quarks [25, 26]. The diquark state with a charm
quark and a light quark can be either a scalar (JP = 0+), or an axial-vector state (1+). Considering
the wave functions of the relevant baryons, the hadronic matrix elements of Ξcc decaying into the
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TABLE I: The transition form factors of Ξcc decaying into singly charmed baryons. The form factors with
the scalar and the axial-vector diquarks are shown with 0+ and 1+ respectively.
Ξcc → Ξc/Ξ′c(0+) Ξcc → Ξc/Ξ′c(1+)
f1 g1 f2 g2 f1 g1 f2 g∗2
F (0) 0.75 0.62 −0.78 −0.08 0.74 −0.20 0.80 −0.02
mfit 1.84 2.16 1.67 1.29 1.58 2.10 1.62 1.62
δ 0.25 0.35 0.30 0.52 0.36 0.21 0.31 1.37
Ξcc → Λc/Σc(0+) Ξcc → Λc/Σc(1+)
f1 g1 f2 g2 f1 g1 f2 g∗2
F (0) 0.65 0.53 −0.74 −0.05 0.64 −0.17 0.73 −0.03
mfit 1.72 2.03 1.56 1.12 1.49 1.99 1.53 2.03
δ 0.27 0.38 0.32 1.10 0.37 0.23 0.32 2.62
anti-triplet and sextet singly charmed baryons are linear combinations of the transitions with the
scalar and the axial-vector diquarks,
〈Bc(3)|Jwµ |Ξcc〉 =
√
6
4
〈Jwµ 〉0+ +
√
6
4
〈Jwµ 〉1+ ,
〈Bc(6)|Jwµ |Ξcc〉 = −
3
√
2
4
〈Jwµ 〉0+ +
√
2
4
〈Jwµ 〉1+ . (3)
In the case with two identical quarks in the final state, for instance Σ0c , an overall factor of
√
2 has
to be considered. The details of the calculations of the form factors in the LFQM can be seen in
Ref. [29]. The results are given in Table I, with the q2 dependence of
F (q2) = F (0)/(1 + α
q2
m2fit
+ δ
q4
m4fit
), (4)
where α = +1 for g2(q
2) with 1+ diquarks as shown with stars in Table I, and α = −1 for all the
other form factors. Under the flavor SU(3) symmetry, the form factors are related to each other
between Ξ++cc and Ξ
+
cc decays, and between c → s and c → d transitions as seen in Table I. The
uncertainties of the form factors can then be mostly cancelled in the relative branching fractions
between decay channels.
III. SHORT-DISTANCE CONTRIBUTION DOMINATED PROCESSES
With the form factors obtained above, we proceed to study the non-leptonic decays of Ξcc.
The short-distance contributions in the external and internal W -emission amplitudes of two-body
non-leptonic modes are calculated in the factorization approach manifested in the heavy quark
limit. The amplitudes of Ξcc decaying into a singly charmed baryon and a light meson (M) can be
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expressed by the product of hadronic matrix elements
A(Ξcc → BcM)SD = λ〈M(q)|Jµ|0〉〈Bc(pf )|Jwµ |Ξcc(pi)〉, (5)
where λ = GF√
2
VCKMa1,2(µ), VCKM denotes the product of the corresponding Cabibbo-Koboyashi-
Maskawa matrix elements, and a1(µ) = C1(µ) + C2(µ)/3 for the external W -emission amplitudes
and a2(µ) = C2(µ) + C1(µ)/3 for the internal W -emission ones, with C1(µ) = 1.21 and C2(µ) =
−0.42 at the scale of µ = mc [32]. In this work M denotes a pseudoscalar meson (P ) or a vector
meson (V ), with the hadronic matrix elements of decay constants as
〈P (q)|Jµ|0〉 = ifP qµ, 〈V (q)|Jµ|0〉 = fVmV µ∗ (6)
In this work, we show the results of a few gold channels with the highest probability of being
observed in experiments. More discussions on various processes can be found in Refs. [28–31].
According to Eq. (5), the relative branching fractions of the other processes compared to that of
Ξ++cc → Ξ+c pi+ are given as
B(Ξ+cc → Ξ0cpi+)/B(Ξ++cc → Ξ+c pi+) = Rτ = 0.25 ∼ 0.37,
B(Ξ++cc → Λ+c pi+)/B(Ξ++cc → Ξ+c pi+) = 0.056, (7)
B(Ξ++cc → Ξ+c `+ν)/B(Ξ++cc → Ξ+c pi+) = 0.71,
The above relations are basically unambiguous, since the uncertainties from the transition form
factors are mostly cancelled under the flavor SU(3) symmetry. It is obvious that the branching
fraction of Ξ++cc → Ξ+c pi+ is the largest, compared to that of Ξ++cc → Λ+c pi+ which is a Cabibbo-
suppressed mode, and that of Ξ+cc → Ξ0cpi+ due to the expected smaller lifetime of Ξ+cc. The semi-
leptonic mode of Ξ++cc → Ξ+c `+ν suffers a low efficiency of detection for the missing energies of
neutrinos. Similarly, some other processes with possible larger branching fractions may lose lots of
events at hadron colliders, due to neutral particles such as in Ξ+c ρ
+(→ pi+pi0) and Ξ′+c (→ Ξ+c γ)pi+.
The final state of Ξ+c a
+
1 (→ pi+pi+pi−) has two more tracks, reducing the efficiency of detection.
Besides, the longer lifetimes of Ξ++cc and Ξ
+
c compared to those of Ξ
+
cc and Ξ
0
c , respectively, benefit
higher efficiencies of the identification of the particles in experiments. Thus the Ξ++cc → Ξ+c pi+
process is the best of the external W -emission processes to search for the doubly charmed baryons.
The absolute branching fraction of Ξ++cc → Ξ+c pi+ is calculated to be
B(Ξ++cc → Ξ+c pi+) =
(
τΞ++cc
300 fs
)
× 7.2%. (8)
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This result is given by comparing the lifetime of Ξ++cc with 300 fs, which is in the range of the
predictions. Even if considering the uncertainties of the transition form factors and the lifetime, the
branching fraction of this process is of the order of percent, which is large enough for measurements.
To measure Ξ++cc → Ξ+c pi+, Ξ+c can be reconstructed using the mode Ξ+c → pK−pi+ at hadron
colliders with all the charged particles in the final state. The absolute branching fraction of
this process has never been directly measured, but the relative branching ratio was measured as
B(Ξ+c → pK∗0)/B(Ξ+c → pK−pi+) = 0.54 ± 0.10 [33]. Besides, the relation A(Ξ+c → pK∗0) =
A(Λ+c → Σ+K∗0) holds under U -spin symmetry. With the measurement of B(Λ+c → Σ+K∗0) =
(0.36± 0.10)% [34], the branching fraction is
B(Ξ+c → pK−pi+) = (2.2± 0.8)%. (9)
The relatively larger branching fraction of this Cabibbo-suppressed mode is induced by the larger
phase space of Ξ+c → pK∗0 and the longer lifetime of Ξ+c . The main uncertainty in Eq. (9) arises
from the branching fraction of Λ+c → Σ+K∗0 and the ratio between Ξ+c → pK∗0 and Ξ+c → pK−pi+,
which may be measured by BESIII, Belle II and LHCb with higher precision. Considering the
relatively large value of B(Ξ+c → pK−pi+) within the 1σ range, we suggest to measure the process
of Ξ++cc → Ξ+c pi+ with Ξ+c reconstructed by the final state pK−pi+.
IV. LONG-DISTANCE CONTRIBUTION DOMINATED PROCESSES
In the factorization approach, only the factorizable contributions are taken into account. For the
color-allowed tree-operator dominated channels, the non-factorizable contributions are expected to
be small. For the color-suppressed processes with a tiny Wilson coefficient a2, the decay widths are
likely to be underestimated in the factorization framework. For instance, the branching fractions
of the internal W -emission decays of Ξ++cc → Σ++c (2455)K∗0 and Ξ+cc → Λ+c K∗0 are predicted to
be of the order of 10−5, due to a2(µ) ≈ −0.02.
However, the long-distance contributions are usually significantly enhanced in charmed meson
decays, which can be described well by the rescattering mechanism of the final-state-interaction
effects [35–38]. The rescattering mechanism in the heavy-flavor-baryon decays was only considered
in Ref. [39] to study the Cabibbo-suppressed decays of Λ+c → ppi0 and npi+, whose results have
not been directly manifested so far, but are consistent with the upper limit recently measured by
BESIII [40]. In doubly heavy flavor baryon decays, the long-distance contributions have never
been considered. In this work we first calculate the rescattering effects in two-body non-leptonic
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FIG. 1: The t-channel rescattering diagram of Ξ++cc → Ξ(′)+c ρ+ → Σ++c K
∗0
. The rescattering is induced
by the quark exchanges, shown in the top figure. The bottom figure is the diagram at the hadron level.
Ξcc decays for the internal W -emission and W -exchange amplitudes, and then find some other
processes with large branching fractions.
The absorptive part of the amplitudes is obtained by the optical theorem [41], summing over all
possible amplitudes of Ξcc(pi) decaying into the states {pk}, followed by the rescattering of {pk}
into the final state Bc(pf )M(q),
AbsM(pi → pfq) = 1
2
∑
j
(
j∏
k=1
∫
d3pk
(2pi)32Ek
)
(2pi)4
×δ4(pf + q −
j∑
k=1
pk)M(p→ {pk})T ∗(pfq → {pk}). (10)
One typical rescattering diagram is given in Fig. 1, taking as example the t-channel triangle diagram
of Ξ++cc → Ξ(′)+c ρ+ → Σ++c K∗0 via quark exchange. The rescattering amplitudes are calculated
using the effective Lagrangian [42–45]. The hadronic strong coupling constants are related to each
other under the flavor SU(3) symmetry, and the chiral and heavy quark symmetries [42–44], with
the values taken from Refs. [41, 46–52]. The effective Lagrangian and the strong coupling constants
are given in the Appendix. Most of the uncertainties will then be cancelled in the relative branching
ratios. The results of the rescattering amplitudes depend on the form factor F (t,m) which describes
the off-shell effect of the exchanged particle. It is parametrized as F (t,m) = (Λ2 −m2)/(Λ2 − t)
[41], with the cutoff Λ = m + ηΛQCD, m and t being the mass and the momentum squared of
the exchanged particle, respectively, and ΛQCD taken as 330 MeV. The free parameter η cannot be
calculated from first principles. In this work, we take η varying in the range from 1.0 to 2.0, as
found in Ref. [41]. The dependence of F (t,m) on η is plotted in Fig.2.
The relative branching fractions of some processes dominated by the long-distance contributions
compared to that of Ξ++cc → Σ++c (2455)K∗0 are shown in Table II. The results of the relative
branching fractions are less ambiguous in theory, since the uncertainties from the effective hadronic
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F(t,m)
FIG. 2: The form factor F (t,m) as a function of η.
TABLE II: Branching fractions of Ξ++cc and Ξ
+
cc decays with the long-distance contributions, relative to that
of Ξ++cc → Σ++c (2455)K
∗0
.
Baryons Modes BLD
Ξ++cc (ccu) Σ
++
c (2455)K
∗0
defined as 1
pD∗+ 0.04
pD+ 0.0008
Ξ+cc(ccd) Λ
+
c K
∗0
(Rτ/0.3)× 0.22
Σ++c (2455)K
− (Rτ/0.3)× 0.01
Ξ+c ρ
0 (Rτ/0.3)× 0.04
ΛD+ (Rτ/0.3)× 0.004
pD0 (Rτ/0.3)× 0.001
strong coupling constants and from the transition form factors are mainly cancelled due to the flavor
SU(3) symmetry and the chiral and heavy quark symmetries as discussed before. The absolute
branching fractions depend heavily on the values of the parameter η, as seen in the top plot of Fig.
3, taking as examples B(Ξ++cc → Σ++c (2455)K∗0) and B(Ξ++cc → pD∗+) as functions of η. In the
bottom of Fig. 3, we plot the ratio B(Ξ++cc → pD∗+)/B(Ξ++cc → Σ++c K∗0) as a function of η. The
ratio of branching fractions is insensitive to η. Therefore, the theoretical uncertainties are under
control for the relative branching fractions. From Table II, it is obvious that Ξ++cc → Σ++c (2455)K∗0
has the largest branching fraction, which is useful for experimental measurements. In the process
Ξ++cc → Σ++c (2455)K∗0, the dominant rescattering amplitude is Ξ++cc → Ξ(′)+c ρ+ → Σ++c K∗0 with
exchange of K∗±, depicted in Fig. 1. Considering some other triangle diagrams including the
t-channel rescattering by Ξ
(′)+
c pi+ with exchange of K±, and u-channels rescattering by Ξ
(′)+
c pi+
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FIG. 3: The absolute branching fractions of Ξ++cc → Σ++c K
∗0
and pD∗+ (top) and the ratio of
B(Ξ++cc → pD∗+)/B(Ξ++cc → Σ++c K
∗0
) (bottom) as functions of η.
and Ξ
(′)+
c ρ+ with exchanging Λ+c or Σ
+
c , the absolute branching fraction is
B(Ξ++cc → Σ++c (2455)K∗0) =
(
τΞ++cc
300 fs
)
× (3.8 ∼ 24.6)%, (11)
where the range corresponds to the value of η varying between 1.0 and 2.0. Compared to the
short-distance results of Ξ++cc → Σ++c (2455)K∗0 as O(10−5), the long-distance contributions in
the doubly charmed baryon decays are significantly enhanced. The branching fractions of Ξ++cc →
Ξ+c ρ
+ and Ξ′+c ρ+ are 12.6% and 17.4% respectively, which are large enough to lead to a result
for Ξ++cc → Σ++c (2455)K∗0 of the order of percent. In the charmed meson decays, the large-Nc
approach gives a good description of the internal W -emission contributions, which amounts to
|aeff2 (µc)| ≈ C2(µc) ∼ −0.5 [53]. With this value, the branching fraction of this process is then
4.6%, which is in the range of Eq. (11). So the results considering the rescattering mechanism for
long-distance contributions are trustworthy.
Ξ++cc → Σ++c (2455)K∗0 is actually a four-body process with the strong decays of Σ++c → Λ+c pi+
and K
∗0 → K−pi+. In the charmed meson decays, the resonant contributions almost saturate the
decay widths [54]. The final-state particles are not very energetic in charm decays, and hence easily
located in the momentum range of resonances. Thus the resonant contributions can indicate the
key physics. For the four-body process Ξ++cc → Λ+c K−pi+pi+, there are many low-lying-resonance
contributions, such as Σ++c (2455) and Σ
++
c (2520) for Λ
+
c pi
+, and K
∗0
and (Kpi)S-wave for K
−pi+.
Recalling that B(Ξ++cc → Σ++c (2455)K∗0) is as large as shown in Eq.(11), the branching fraction
of Ξ++cc → Λ+c K−pi+pi+ will be expected to be a few percent, or even reach O(10%). With Λ+c
reconstructed by pK−pi+, the process Ξ++cc → Λ+c K−pi+pi+ can be used to search for the doubly
charmed baryon.
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Apart from the above four-body decay mode, the branching fraction of Ξ+cc → Λ+c K−pi+ should
be considerable, contributed by Λ+c K
∗0
and Σ++c (2455)K
−. This process is just the one used by
the SELEX experiment to report the first would-be evidence of Ξ+cc [5]. However, no significant
signal was observed by the LHCb experiment using this channel [11]. We find the process Ξ++cc →
Λ+c K
−pi+pi+ is better than Ξ+cc → Λ+c K−pi+ for the searches for doubly charmed baryons, for the
following reasons. For the dominant resonant contributions in these two processes, the branching
fraction of Ξ++cc → Σ++c (2455)K∗0 is larger than that of Ξ+cc → Λ+c K∗0 by a factor of about five,
due to the predicted value of Rτ ∼ 0.3 with a small uncertainty, seen in Eq. (1). As explained
before, the efficiency of identifying Ξ++cc is larger than that of Ξ
+
cc at LHCb by a factor around the
lifetime ratio, in the range of their predicted lifetimes. Even though Ξ++cc → Λ+c K−pi+pi+ suffers
a lower efficiency in detection by a few factors, due to one more track than Ξ+cc → Λ+c K−pi+, it
can still be expected that there would be more signal yields in the former process. For the other
discovery channel by the SELEX experiment, Ξ+cc → pD+K−, there are no low-lying-resonance
contributions. In the mode Ξ+cc → ΛD+, whose branching ratio is small, the Λ state is below the
pK− threshold, while the higher excited resonances would be more difficult to produce. Therefore,
the process Ξ++cc → Λ+c K−pi+pi+ is the best of the long-distance contribution dominated processes
for the searches for doubly charmed baryons.
In addition to the study of the ground states of doubly charmed baryons, the suggested pro-
cesses should be useful to search for excited states below the charm-meson-charm-baryon thresholds.
Such particles strongly or radiatively decay into the ground states, which would be reconstructed
in experiments by the most favorable modes found in this work. Besides, the long-distance con-
tributions, for which we found large and important Ξcc decays, should also be considered in the
studies on the search for the discovery channels of other heavy particles, such as bottom-charm
baryons and stable open flavor tetraquarks and pentaquarks.
V. SUMMARY
We have systematically studied the weak decays of Ξ++cc and Ξ
+
cc and recommend the processes
Ξ++cc → Λ+c K−pi+pi+ and Ξ+ccpi+ as the most favorable decay modes for searches for doubly charmed
baryons in experiments. The channels Ξ+cc → Λ+c K−pi+ and pD+K− used by the SELEX and LHCb
experiments are not as good as the above two Ξ++cc decay processes. The short-distance contribu-
tions of the decay amplitudes are calculated under the factorization approach. The long-distance
contributions are first studied in the double-charm-baryon decays, considering the rescattering
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mechanism. It is found that the long-distance contributions are significantly enhanced and are
essential for the favorable mode Ξ++cc → Λ+c K−pi+pi+. Our suggestions are based on the analysis of
the relative branching fractions between decay modes, which is less ambiguous since the theoretical
uncertainties are mainly cancelled by the flavor symmetries. The absolute branching fractions of
Ξ++cc → Λ+c K−pi+pi+ and Ξ+c pi+ are estimated to be a few percent, or even reach the order of 10%,
which are large enough for experimental measurements.
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Appendix: The effective Lagrangians used in the rescattering mechanism are [42–45]:
Leff =Lpihh + Lρhh + LpiBB + LρBB + Lρpipi + Lρρρ + LρDD + LpiD∗D + LρD∗D∗ ,
Lpihh =gpiB6B6Tr[B¯6iγ5ΠB6] + gpiB3¯B3¯Tr[B¯3¯iγ5ΠB3¯] + {gpiB6B3¯Tr[B¯6iγ5ΠB3¯] + h.c.},
Lρhh =f1ρB6B6Tr[B¯6γµV µB6] +
f2ρB6B6
2m6
Tr[B¯6σµν∂µV νB6]
+ f1ρB3¯B3¯Tr[B¯3¯γµV µB3¯] +
f2ρB3¯B3¯
2m3¯
Tr[B¯3¯σµν∂µV νB3¯]
+ {f1ρB6B3¯Tr[B¯6γµV µB3¯] +
f2ρB6B3¯
m6 +m3¯
Tr[B¯6σµν∂µV νB3¯] + h.c.},
LpiBB =gpiBBTr[B¯iγ5ΠB],
LρBB =f1ρBBTr[B¯γµV µB] + f2ρBB
2mB
Tr[B¯σµν∂µV νB],
Lρpipi = igρpipi√
2
Tr[V µ[Π, ∂µΠ]],
Lρρρ = igρρρ√
2
Tr[(∂νVµ − ∂µVν)V µV ν ] = igρρρ√
2
Tr[(∂νVµV
µ − V µ∂νVµ)V ν ],
LρDD =− igρDD(Di∂µDj† − ∂µDiDj†)(V µ)ij ,
LpiD∗D = −gpiD∗D(Di∂µΠijD∗j†µ +D∗iµ ∂µΠijDj†),
LρD∗D∗ = igρD∗D∗(D∗νi ∂µD∗j†ν − ∂µD∗νi D∗j†ν )(V µ)ij + 4ifρD∗D∗D∗†iµ(∂µV ν − ∂νV µ)ijD∗jν . (12)
1 Note added: very recently, the LHCb collaboration reported the discovery of Ξ++cc with the final state Λ
+
c K
−pi+pi+
[55].
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where the corresponding Π, V , B and B6, B3¯ respectively represent the matrices
Π =

pi0√
2
+ η√
6
pi+ K+
pi− − pi0√
2
+ η√
6
K0
K− K¯0 −
√
2
3η
 ,B6 =

Σ++c
1√
2
Σ+c
1√
2
Ξ′+c
1√
2
Σ+c Σ
0
c
1√
2
Ξ′0c
1√
2
Ξ′+c
1√
2
Ξ′0c Ωc
 ,
V =

ρ0√
2
+ ω√
2
ρ+ K∗+
ρ− − ρ0√
2
+ ω√
2
K∗0
K∗− K¯∗0 φ
 , B3¯ =

0 Λ+c Ξ
+
c
−Λ+c 0 Ξ0c
−Ξ+c − Ξ0c 0
 ,
B =

Σ0√
2
+ Λ√
6
Σ+ p
Σ− −Σ0√
2
+ Λ√
6
n
Ξ− Ξ0 − 2√
6
Λ
 . (13)
According to the generalized form of baryons coupled with mesons in Eq.(12), we extend to the
vertex BcBD and BcBD∗, and write the Lagrangian as
LΛcNDq = gΛcNDq(Λ¯ciγ5DqN + h.c.),
LΛcND∗q = f1ΛcND∗q (Λ¯cγµD∗µq N + h.c.) +
f2ΛcND∗q
mΛc +mN
(Λ¯cσµν∂
µD∗νq N + h.c.)
LΣcNDq = gΣcNDq(Σ¯ciγ5DqN + h.c.),
LΣcND∗q = f1ΣcND∗q (Σ¯cγµD∗µq N + h.c.) +
f2ΣcND∗q
mΣc +mN
(Σ¯cσµν∂
µD∗νq N + h.c.). (14)
where N denotes baryons belong to the octet baryon matrix B.
The strong coupling constants are taken from the literature [41, 46–52], and listed in Tables.
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